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SOLAR TRACKING HEAD 

( S o l n e  clin ay a s 1 e d y as !? cli ny a go1 ovka ) 

The d e s c r i b e d  t r a c k i n g  head  is d e s i g n e d  f o r  a j o i n t  

o p e r a t i o n  w i t h  t h e  d i f f r a c t i o n  s p e c t r o m e t e r  f o r  t h e  measurement 

of s o l a r  r a d i a t i o n  i n  t h e  f a r  u l t r a v i o l e t .  Its task c o n s i s t s  i n  

d i r e c t i n g  t h e  m i r r o r - r e f l e c t e d  beam o f  s o l a r  rays  i n t o  t h e  s p e c t r o -  

m e t e r ' s  s l i t  f o r  d i f f e r e n t  p o s i t i o n s  o f  t i le E$eci;ro.-cter. The 

r e c u i r e d  p r e c i s i o n  o f  l u m i n o u s  f l u x  d i r e c t i o n  i n t o  t h e  s l i t  is 
of *lO a n g u l a r  minutes .  

c, 

i'he c o n s t r u c t i v e - ~ ~ i n e m a t i c  l a y o u t  o f  t h e  t r a c l c i n c  head. 

i s  b r o u z h t  o u t  i n  ~Zig. 1. 

h e a d ' s  b l o c k  is shown i n  F ig .  2. The e x t e r i o r  frame 2 is f a s t e -  

n e d  t o  t h e  sup,Jort 2. The ax is  of  t h e  Irame is  coni iected w i t h  

t h e  iaotor by seas o f  a r e d u c t o r .  A m i r r o r  4 is f a s t e n e i l  t o g e t h e r  

v i t h  a p i v o t a l  axis 2, t o  the  e x t e r i o r  frame. ,'he systein is s e t  

i n  rAlotion by t h e  motor 6 t;irou,-h t h e  r e d u c t o r .  I n  t: e f i ,gure  i t  

i s  c o n c e a l e d  i n s i d e  2 c z s i n g .  ?he axle 5 and t h a t  0 2  t h e  m i r r o r  

- 4 a r e  F a r a l l e l .  ? h e y  are l i i i 1 - e d  hy R c-?nk 7 ?.~-i j-r i>r - z 2 . : 2  

t r a n s m i s s i o n  with minor a n g u l a r  e r r o r s .  -'5ere i s  i n  t h e  fraze 

a n  a i e r t w e  through ;.-hich t h e  m i r r o r - r e f l e c t e d  luminous  f l u x  pene- 

t ra tes  i n t o  t h e  s g c c t r o n e t e r .  :- solar p i c k u p  2 is  in:;tGl.led on 
t h e  e x t e r i o r  frame, w h i l e  pickups 8 and 1 0  are  f a s t e n e d  t o  t h e  

ax le  5. The s e n s i t i v e  p a r t s  o f  t h e s e  p i c k u p s  are  c o n s t i t u t e d  by 

p h o t o - v a r i s t o r s .  

The p h o t o p s p h i c  view o f  t h e  t r z c k i n g  

- 

- 

- 
, 



2 .  
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F i g .  1 .- C o n s t r u c t i v e - k i n e m a t i c  l F y o u t  o f  t h e  layout o f  
t n e  t r a c k i n g  head.  

1 - zun,,crt  ; 2 - e x t e r i o r  frzne ; j - motor a s s u r i n g  r o t a t i o n  
r e l t t i v e  t o  thi: l o n g i t u u i n z l  axis ; 4 - cliri-or ; 5 - i n , i e r  a l e  ; 
6 -  rcotor a c s x r i n g  ro t ? . t i on  r e l - a t i v e  t o  t i e  t i - e n s v c r s e  a i s  ; 
7 - crziiii; ; 8 - p i c k u p s  of  r o a s h  o i - j -e i i ta t ion  i n  t h e  l o n g i t u d i n a l  
d i r e c t i o n ;  9 - i b i d .  i o r  t h e  t r e n s v e r s e  c l l r e c t i o n ;  1 0  - p i c k u p  
f o r  a p r e c i s e  o i i e n t a t i o n .  
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i l i - . 2 .  - , x t e r i o r  view of  t n c  t r a c k i r , g  head b lock .  
1 - 10 c s c z  ,'iy. 1. 11 - Z a i a n c i n s  loa& 0 2  t i -c  m i r r o r  ; 1 2  - b.1. 
o f  t i-e ~ , L t ~ ~ i o i ~  f r a i i e  ; 13 - AL.loat5 o f  - 3 z r - k  o f  t-.e iniic;. z x l e  ; 
14 and 15- s c r e e n s  o f  t h e  rouzh  o r i e n t a t i o n  niclcups. 



3.  

The bloLL--diagra.m o f  F i g .  3 r e f e r s  t o  rough o r i e n t a t i o n  

p i c k u p s .  A v i s o r  2 i s  f a s t e n e d  t o  t h e  s t a n d  3 o v e r  a pa i r  o f  

p h o t o - v a r i s t o r s  1, symmietr ical ly  d is i Jose6  r e l a t i v e  t o  t h e  axis 

00 ' .  When t h e  p i ckup  is i l l u m i n a t e d  by a beam o f  l i g h t  p a r r a l l e l  

t o  t h e  symmetry p l a n e  o f  t h e  p h o t o - v a r i s t o r  p a i r ,  t h e  v i s o r  s h a d e s  

t h e  o p e r a t i n g  s u r f a c e s  o f  t h a t  p a i r  e q u a l l y .  The v i s o r ' s  dimen- 

s i o n s  a r e  s o  s e l e c t e d ,  t h a t  i t s  shade  c o v e r  h a l f  of ecah  photo-va- 

r i s t o r s '  o p e r a t i n g  s u r f a c e .  The p h o t o - v a r i s t o r s  a r e  d i s g o s e d  a t  

an a n g l e  of  4 5 O  w i t h  t h e  syrmxetry plane s o  as t o  i n c r e a s e  t h e  p ick-  

u p ' s  v i s u a l  f i e l d .  I n  t h e  g iven  c a s e  i t  exceeds  240°. 

The p ickup  8 ( F i g . 1 )  a c t s  r e l a t i v e  o t  t h e  h e a d ' s  trans- 

v e r s e  axis. It c o n s t i t u t e s  a s i n g l e  node r ep resen tec i  i n  F iy .  3 .  
The p ickup  9, oTierat ing r e l a t i v e  t o  t h e  l o n g i t u d i n a l  axis o f  t h e  

h e a d ,  i s  d i v i d e d  c o n s t r u c t i o - w i s e  ( a l o n g  t h e  symmetry p l a n e )  i n t o  

two h d v e s  s p r e a d  a long  t h e  framework. o f  t h e  e x t e r i o r  frame 2. 

I n  t h e  l a t t e r  c a s e  v i s o r s  are made i n  a f o r a  o f  a n  a r c ,  s o  as t o  

e n s u r e  t h e  p i c k u p ' s  o p e r a t i o n  w i t h i n  a g r e a t  a n g u l a r  r a n g e  r e l a t i -  
ve  i;o tile Li~.LiLkveL.ae z , L s e  

P i c k u p s  8 and 9 cannot  s i n u l t a n e o u s l g  a s s u r e  a l a r g e  v i s u a l  

f i e l d  and a h i g h  t r a c k i n g  p r e c i s i o n ,  f o r  i f  t h e  v i s u a l  f i e l d  i s  

l a r g e ,  si;eclrs o f  r e f l c c t e t i  l i g h t  from pE.rLs o f  t h e  head and: of  

sur rounci ing  o b j e c t s  way h i t  t h e  s e n s i t i v e  p;:rts o f  t h e  i n s t r u n e f i t .  

Thus t h e  problem o f  t h e s e  p ickups  amounts t o  "search: '  f o r  t h e  Sun 

and t o  a rough o r i e n t a t i o n  t o  i t s  c e n t e r .  i - i ckup  1 0  s e r v e s  f o r  a 

p r e c i s e  o r i e n t a t i o n .  I n  orrier t o  a s s u r e  a p r e c i s i o n  o f  n o t  l e s s  

t n a n  i i . 0  a n z u l a r  m i n u t e s  f o r  t h e  iun5nous  f lux :  G i r e c L i u i i  i ,ui: ,a~3 

t h e  s l i t ,  t h e  p i ckup  must g u a r a n t e e  a p r e c i s i o n  i n  a i r i n g  a t  t h e  

Sun s u b s t a n t i a l l y  exceed ing  the  i n d i c a t e d  a l lowance .  T h i s  is  made 

necesLai-y on accoun t  o f  t h e  po-  : i b i l i t y  or" a ~ ~ c a r a n c e  o f  e r r o r s  

c r e a t e d  by c o i l s t r u c t i o n  ar_d s e t t i n g  up e l emen t s  tkia-l; l e a d  t o  e r r o r s  

i n  t h e  c n e n t a t i o n  o f  t h e  r e f l c c t e 6  flux, 

-hi. o b t e n t i o n  o f  hi?;h t r a c k i n , ?  p r e c i s i o n  i s  l i n k e d  as a 

r u l e  e i t h e r  c . i th  t h e  u t i l i z a t i o n  o f  l ong- focus  o p t i c a l  s y s t e m ,  



. 
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i n  -chich t h e  image o f  t h e  Zun i s  c o n s t r u c t e d  on t h e  s u r f a c e  of  

s e - * i e r d  s e n s i t i v e  components [1], o r  o f  s y s t e m s  i n  wlrose f o c a l  

p l a n e  an o b t u r a t o r  r o t a t e s  (wi th  a Lcingle 

In view o f  t h e  s m a l l  s i z e  of  t h e  h e a d ' s  

b l o c k ,  t h e  a p @ i c a t i o n  o f  t h e  i n d i c a t e d  

s y s t e m s  -cas exc luded .  E a s i c a l l y ,  t h e  sa- 

m e  p r i n c i p l e  was a p p l i e d  t o  t h e  c o n s t r u c  

t i o n  o f  t h e  p r e c i s e  p i ckup  v:ith some va- 

r i a n t s  t h a n  t h a t  f o r  t h e  rough o r i e n t a -  

t i c l i  p i ckup .  

-_ 

3-1 e lemen t s  o f  t h e  p r e c i s e  T i c k  

u p  ; . e r e  merged i n t o  a s i n g l e  node ,  above 

x h i c h  a E e n e r a l  c i r c u l a r  v i s o r  was pla- 

ced .  T h i s  p i ckup  e a i t s  d e P l c c t i o n  s ig-  

n a l s  by b o t h  axes .  I n  o r d e r  t o  s h i e l d  

i t  f;-oui 'che e f i e c t  o f  a l i e n  l i g h t  r e f -  

l e c t i o n s ,  t h e  p i ckup  . t is  p l a c e d  i n  a 

p r o t e c t i v e  g lms,  l i i l l i t i n g  t h e  v i s u a l  

f i e l d  01 t h e  s e n s i t i v e  e l e m e n t s .  E x p e r i -  

s e n t s  have shovm t h a t  t h e  a p _ , l i e d  con- 

s t r u c t i o n  o f  t h e  p ickup had a s s u r e d  t h e  

s e r s i t i v e  e l e , . , e n t )  C2 I. 
ff 
I 

fi: 
Tip .  3 .  - 31 ock-Giqqra .  
o f  t h e  rough-ori-nta- : ion 

p i ckup .  

r e q u i r e d  aiL;ini; p r e c i s i o n .  lor a chanTe-over i n  t h e  t r a c k i i g  r e g i -  

mes from t h e  rough t o  t h e  p;"ecise, a s p e c i a l  c o r m u t a t o r  viith a 

- , h o t o - o p t i c d  p i ckup   as a p g l i e d .  The ,chenge-over  t a k e s  p l a c e  a t  

S u n ' s  ay2earance  i n  t h e  v i s u a l  f i e l d  o f  t h e  p i ckup  d e s i g n e d  f o r  

a p r e c i s e  o r i e n t a t i o n .  Cons t ruc t ion -wise  Che p h o t o - o p t i c 2 1  Fickup 

i g s  b u i l t - i n  around t h e  p i c k u p ' s  1 0  sup ;o r t  on w3:ich t h e  c i r c u l a r  

v i s o r  is fixe:'. It may be s e e n  i n  3-5.  2 ,  :IO;; t h e  o b j e c t i v e  i s  f i x e i  

a t  t h c  f r o n t  end of  t h e  p ickun 10. 

',he poTer-Criven ,o to r s  3 and 6 v i t i i  t h e  r e d , l c t o r s  a r e  

r c , p e c t i v e l y  p l a c e d  on t h e  supiJor.t and on t h e  e x t e i i o r  ;isarm. 

2 0 t h  motors  are o r i e n t e d  a long  t h e  t r2ck in . r  h e a d ' s  l o n g i t u d i n a l  

axis. , 'his is n e a t  f o r  c r L - , ? t i n g  1 i : h t e r  c o n d i t i o n s  for t h e  n o t o r s  

f ro i -  t h e  s t a n d p o i n t  of ove r load  e f - c c t .  -31 t h e  mobi le  e l e n e n t s  
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5 .  

Kere c a r e f u l l y  b d a n c e d  by s p c i s l  loacls .  Z'ig. 2 s h o x s  t h e  b a l a n -  

c i n g  load: o f  t h e  i i i i r ror  - 11, o f  t h e  e x t e r i o r  fi-ame - 1 2  and o f  

t h e  p a r t s  o f  t h e  i n t e r i o r  a x l e  - 13. 'The s m e  f i g u r e  shoxs t h e  

s c r e e n s  - 14 and 15, s h i e l c i i n g  t h e  r o u g h - o r i e n t a t i o n  p ickups  from 

s t r o n g  a l i e n s  br i$I- tenings n o t  coniiectecl w i t h  t h e  Sun.  

For  i t s  coupline; n i t h  t h e  s i x c t r o m e t e r  t h e  t r a c k i n g  h e a d ' s  

b l o c k  i s  p r o v i d e d  u i t h  a b a z i c  s u r f a c e  r e l e t i v e  t o  n h i c h  t h e  o r i e n -  

t s t i o i i  o f  t h e  mir:-or-reflectcd beam p r e c i s e l y  t a k e s  p l c c e .  ?he g i v e n  

t r a c k i n g  h e a d ' s  cons t r u c t - o n  l a y o u t  z.lloi-;s t h e  t r a c k i n g  o f  t h c  '2un 

v**ithin t h e  fo1lo;:iiig culc;le l i m i t s  : 120' i n  t p l a n e  norma1 t o  t h e  

1on;;itudinFJ a i s ,  arid llGo i:: t h e  p l a b e  p e r g e n d i c u l a r  t o  t h e  trans- 

ver;e axis. 
7 AL.e p r i n i c i p l e  o f  t h e  t r a c l r i n g  h e a d ' s  e l e c t r i c &  c i r c u i t  

i s  p rez ; en tea  i n  ;i,y. 4. 

1 I le - i  

t b 

.- C1 - R 2 5  - r e z i s t a n c e s  ; il - P5 - reIa7.F; ; 4 - : , . ~ t o r s  ; 
"Q, - 9 h o t o - v a r i r t o r s  ; T M - T e l e ? e t r y  c o n t a c t s .  

It ma;. be s e e n  from t h e  c i r c u i t  diaTrarn t:iat t h e  t h r e e - p o s i -  

t i o n  . ) o l a - i z e d  r e l a y s  con;l;itute t h e  nm;lifvino: e i e a e n t s  . L'he coils 
o f  t h e s e  r e l a v s  a r e  i n s e r t e d  i n t o  t h e  , i p , y n c a s  of foul- byi,2i .-es,  

vikose tv/o s . -ou lde r s  f o r n  t h e  F h o t o - v a r i s t o r s  R 6 , and t7-o o t h e r  - 
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permanent carbon r c s i s t o r s .  There are f i v e  b r i d g e  c i r c u i t s  i n  

;is. 4: 
t o  t h e  l o n g i t u d i n a l  axis, 

i l :  t h e  r e l a y  P2; two c i r c u i t s  f o r  t r a c k i n g  i n  a p l a n e  norlral  t o  

t h e  t r a n s v e r s e a x i s  

G e s i d e s ,  t h c r e  is  a change-over b r i d g e  c i r c u i t  from t h e  rough t o  

t h e  p & ' e c i s e  t r a c k i n g ,  c o n s i s t i n g  o f  one p h o t o v a r i s t o r  p i c k u p ' s  

s n i t c h ,  o f  t h r e e  permanent r e s i s t o r s  and o f  a tl::o-?osition n o l a -  

r i z e a  r e l a y  P5. The s w i t c h  assures  t h e  change-over o f  t h e  f e e d  

from t h e  rough t o  t h e  p r e c i s e  t r a c k i n g  b r i d c e  c i r c l A i t s .  

two c i r c u i t s  c o n t r o l l i n g  t h e  t r a c l r i n g  i n  a p l a n e  normal  

and rough - p r e c i s e  i n  t h e  r e l a y  P1 

w i t h  t h e  P3 and P4 r e l c y s  i n  t h e  d i a g o n a l s .  

For  t h e  c o n t r o l  o f  t h e  h e a d ' s  o p e r a t i o n ,  s i g n a l s  f r o n  t h e  

s v ~ i t c h  and from t h e  motor c o n t r o l  c i r c u i t  are f e d  t o  t e l e m e t r y  

c h a n n e l s  TP4, r e 5 y e c t i v e l y  throuGh t h e  d i v i d e r  I? 22, RZ3 and ikon 
i s t o r s  36 and R 1 2 .  D.c. a s s u r e s  t h e  c i r c u i t ' s  f e e d .  

The novelr.ent o f  t h e  t r a c k i n g  head o p e r a t e s  i n  two v e l o c i t y  

f t search inp; ' f  o f  t h e  Sun and rough o;uiding, res ine r e g i m e s  : 1) 

vi-iich i s  c o n d i t i o n e d  by t h e  a s z i g n e d  ainimurfl s e a r c h  time ; 

c i s e  t r a c k i n g  rey;ime s e l e c t e d  from t h e  c o n d i t i o n s  of optimum 

t r a c k i n g  dynanlics. 

2 )  p r e -  

:he r e d u c t o r s '  t r a n s r l i s s i o n  r a t i o s ,  t!-e v f iue r .  o f  t h e  r e s i s -  

t o r s  H1 , R3 , R4 , R 7  , " 9  
t u d e ,  and d s o  t h e  v a l u e s  of  r e s i s t o r s  R;, R5 
e n c i n g  t h e  v e l o c i t y  maLnitude have been d e t e r m i n e d  by dynzxAc 

computa t ion .  3-1 t h e  p a r t s  o f  t h e  e l c c t r i c  c i r c u i t ,  ._i.th t h e  excen- 

t i o n  o f  motors  and p h o t o - v a r i z t o r s ,  a e r e  p l a c e d  i n  a sI2ecial  cormu- 

t a t i o n  b l o c k  ( s w i t c h  j x n s t a i i e d  i n b i 6 e  &e ;j~ees~ilg-~~tzlllts. 
The b l o c k  i t s e l f  c o n s i s t s  of  a frame on which f a s t e n e d  are t h e  po- 

l a r i z e d  r e l a y ,  a n d  o f  tire braceci a a n e l s , f o r  t h e  f a s t e n i n q  o f  t h e  

c i r c u i t  1s coi.l;J;nents. 

2nd 210 i n f l u e n c i n 5  t h e  daiminK magni- 

and 28 , Rll i n f l u -  

The o p e r a t i o n  of t h e  : ,hole t r a c k i n g  s y s t e m  t o c x  p l a c e  

as fol1ov:s : 
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7.  

I n  t h e  c.bsence o f  luminous f l u x  t h e  r e s i s t o r s  o f  s e n s i -  

t i v e  e l e m e n t s  a r e  p r a c t i c a l l y  i d e n t i c a l .  A t  t h e  same time t h e  

b r i d g e s  are e q u i l i b r a t e d ,  

and P4 a r e  i n  a n e u t r d  p o s i t i o n ,  t h e  motors  - d i s c o n - i c c t e d .  

I h e  f e e d  o f  r o u g h - o r i e n t a t i o n  b r i d g e  c i r c u i t s  ias a s L u r e d  by 

s w i t c h i n ?  on t h e  c o n t a c t  r e l a y  P5. Inaslruch as t h e  ma.,nitude o f  

t h e  d a r k  r e s i s t o r  R+ i s  very ? rea t ,  t h e  consumption of  p o , e r  

by t h e s e  c i r c u i t s  is snall. Xt i l l u r i n a t i o n  of  any o f  t h e  rough 

o r i e n t a t i o n  s y s t e m ’ s  p h o t o v a r i s t o r s ,  t h e  e q u i l i b r i u m  o f  t h e  co r -  

r e s p o n d i n g  bricige c i r c u i t  i s  d i s r u p t e d  and t h e  c u r i e n t  bey.ins 

t o  f low i n  t h e  d i a z o n a l s .  .‘t r e a c h i n g  tlic o l w r a t i o n  t h r e s h o l d ,  

t h e  r e l a y  provokes t h e  c l o s i n g  of  i t? c o n t a c t  and t h e  n o t o r  con- 

n e c t i o n .  The motor  t h e n  w i l l  t u r n  t h e  p i c k u p  tor:ard t h e  d i r e c t i o n  

n h e r e  t h e  d i f f e r e n c e  i n  i l l u m i n a t i o n  o f  t h e  D h o t o v a r i s t o r  p a i r s  

t e n d s  t o  d e c r e a s e ,  i. e.  i n  t h e  d i r e c t i o n  toward  t h e  l i , y h t  s o u r c e .  

The motion w i l l  c o n t i a u e  u n t i l  t h e  i l l u t l i n a t i o n s  o f  t h e  photo- 

v a r i s t o r s  become e q u a l i z e d .  I;eaAilnhile, t i le b r i c g e  n i l 1  be p u t  i n  

e q u i l i b r i u m ,  and t k e  r e l a y  -ill pas- i n t o  t h e  n e u t r a l  p o s i t i o n  

t h e  c o n t s c t s  o f  t h e  r e l a y s  P1, P2, P3 

d i s  c onne c t i n 5  t !I e r;1o t o r  . 
I, X C  
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ZiE;. 5 .  - : l : isht  charzct . : i - is t ic  o f  t h e  p h o t o v a r i s t o r  C-Kl. 
The c h a r a c t e r i s t i c  h a s  been t a 2 e n  a.t 3Ov w i t h  t h e  h e l p  

of  a tube K C R J -  1000. 
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The f e e d  chanse-over  t o  t h e  p r e c i s e  t r a c k i n i :  o r i e n t z t i o n  takes 

p l a c e  a t  t ime  o f  S u n ' s  h i t t i n g  t h e  v i - u a l  f i e l d  o f  t h e  p h o t o - o ? t i c a l  

picku-o's rez ime s w i t c h .  tit t h e  same t i m e  t h e  rour;h o r i e n t a t i o n  c i r -  

c u i t  i s  a u t o m a t i c a l l y  s w i t c h e d  o f f .  :lie o p e r a t i o n  o f  t h e  p l ' e c i s e  

t r a c k i n g  c i r c u i t  is a n a l o g u s  t o  t h e t  o f  t h e  rouyh o r i e n t a t i o n .  

I n a s a u c h  as t h e  m i r r o r  4 ( s e e  ?'is. 1) is  f a s t e n e d  n i t h  t h e  

frame 2 ,  a t  t i r a e  o f  t u r n i n g  r e l a L i v e  t o  t h e  1 o n K i t u d i n d  axis  o f  

t h e  head t h e  n o r n d  O i  t h e  m i r r o r  i s  br.0 , h t  i n t o  t h e  :?lane concon 

t o  t h e  d i r e c t i o n  t o i i x d  t h e  Sun and t o  Lhc l o n y i t u d i n a l l  axis o f  t h e  

h e r d .  The mir-or xi11 t u r n  r e l a t i v e  t o  t k e  t r s n s v e r s e  axis a t  a n  

a n q l e  t v i c e  s m a l l e r  t h a n  t h e  a x i s  5 ( b e c a u s e  oi t h e  p r e s e n c e  o f  

a r o c k e r  t r m s n i s - i o n )  a n ( <  w i l l  sto:! i n  a p o s i t i o n  f o r  r h i c h  t h e  

b e a n  o f  r e f l e c t e d  s o l a r  r a y s  i s  d i r e c t e d  d o n g  t h e  h e a d ' s  l o n y i t u i i i -  

n a l  head  i n t o  t h e  s - > e c t r o r n e t e r ' s  s l i t .  

L e t  UL b r i n g  f o r t h  c e r t a l n  b r i e f  c h G r c c t e r i s t i c s  o f  t h e  s y s t e m  

and i ts  s e p a r a t e  p a r t s .  

I n d u s t r i d  cadmium s u l f i t e  tygc-  a C - I i O  (@C- IC1 ) p h o t o v a r i -  

s t o r s  a r e  used as o r i e n t a t i o n  8nci t r a c k i n g  p i c k u p s '  s e n s i t i v e  e l e -  

ments .  Yor t h e  g i v e n  t y 9 e  tile spectrciL c h a r a c t e r i s t i c  m a x i m u m  is 

i n  t h e  rerr ion 6000 8,  a d  t h e  d a r k  r e L i s t o r  R 2 lo7 ohn [ 3 3 .  
SDT 

1 -he lumir:ouL c h a r a c t e r i s t i c  I = f ( E )  f o r  h iTh v d u e s  o f  

i l l u m i n a t i o n  o f  t h e s e  L jho tova r i s to r s  i s  p l o t t e d  i n  i ' ig.  5. The expe- 

r i i . i en td .  d a t a  c e r e  t n - e n  bv E xenon lamp of  s:Lperhigh p r e s - u r e  

,d,LCUr - 1000, whose r a d i a t i o n  h a s  a s p e c t r a l  ~ o ~ p o s i t i o n ,  c l o s e  t o  

t h c t  01 t h e  Sun i n  t h e  v i s i b l e  r e  i o n  [4]. 
ylTe c~Tzrzz..T~;~~z o f  t)L.: -,..7,..L --..4 n,-+ -+i n m  -ni "'-,,* i P ?-< 7.n- 

i n  2 i g .  6. l l o t t e d  i s  t h e  rte,xnc!ence o f  t h e  c r r e n t  i n  t h e  b r i d s e ' s  

d i a s o n a l  on t h c  r o t a t i o n  a n r l e  o f  t h e  pickup.  29-e b e r i n n i n y  o f  t h e  

c o u n t  i s  t h e  sym..etry p l a n e  00' ( F i q .  ; ) .  The e n e r i : . c n t a i  d a t a  i:ere 

t a k e n  i n  f i e l d  c o n c i t i o n s ,  and i n  o r u e r  t o  p r o t e c t  t h e  a ~ )  , . ratus 

T r o m  s k y ' s  s c a t l e r e d  l i , - h t ,  s c r e e n s  -".ere u ~ e c i .  All p i c x u p ' s  s e n s i -  

t i v e  e l e m e n t s  v e r e  shicl6ed by glass 2 piin. t h i c k .  ( I n  Fir- .  2 g l a s s  

h a s  been i;,iren a::ay). 

A " L 4  I I  " l & r l - " Y " * " ~ r  yr"-Lrr[- &U , A,-** 



S m a l l  d o c .  n o t o r s  u i t h  indeLl -nden t  e z c i t 7 t i o n  r;ere used  

f o r  6 r i v i i i g  p o b e r .  They were proviireu - i L h  cox u t c k o r  b a r s  cLn6 

b r u s h e s  1.ia-e o f  ann a l l o y  c o L t z . i n i n ~  a !;reat p t r c e n t a g e  o f  Told.  

The n i r r o r  vizs nade o f  fusei: c u z r t z ,  v i t h  i t s  r e f l e c t i n z  s u r f a c e  

b e i n g  covered  r i t h  a tho r iu r r  d i o x i d e  l a y e r .  -11 m p t e r i a l s  and 

c o v e r i n g s  n e r e  s o  s e l e c t e d  as t o  z c h i e v e  o p t i , - m  theri!ial regime 

c o l i d i t i o n s  . The b l o c k  : I t s e l f  nas mounted uy m u l t i p l e - c o r e  c a b l e  

w i t h  a f luo ro - ,  t r o t i f i c : ,  i s c 1 , - t i n n .  ' Y i E  rxCe t k e  c o n L e c t i n g  qrd- 

d g e t s  j x r t i c i r l z r l y  f l - x i  JI-- in. fi Li'u:Ip'. 

P o l a r i z e d  r e l a y s  of  t h e  

P n C - 5  and  PnC-7 t y p e  o f  h i g h  s e n -  

s i t i v i t y  were u s e d ,  though at a 
r a t h e r  g r e a t  vieizht .  Bovever,  t h e  

a p p l i c a t i o n  o f  any o t h e r  l i g h t e r  

r e l a y s  i j i t h  g r e a t e r  poi-ier consump- 

t i o n ,  x o u l d  ha-ve o n l y  led t o  con- 

s i d e r a b l e  w e i g h t i n g  of  f e e d  s o u r c e s ,  

n h i c h  ~ o u l c i  have o v e r l a 2 p c d  t h e  

c i f i e r e n c e  i n  r e l a y  r e i g t h s .  

The ::ei,.;ht o f  t h e  t r a c k i n g  

head i s  1.65 kg, t h a t  o f  t h e  COEI- 

m u t a t i o n  b l o c k  - 2.65 kg. !:ean 

po:.:er c o n r : z q t i o n  - 0.7 w. 

~______l---_l- 

2 - The clerneiit t u n i n g  4 
=? 3 I - !  / 

nas c a c i . i e d  o u t  i n  f i e l d  

c o n a i t i o i i s  on 2 p a r a l l a c t i c  

s t a n d  o f  t h e  AXlN -31 t y p e  

w i t h  t h e  h e l g  o f  a s y e c i a l  

i n s t a l i s t i c n ,  as sko?in i n  

Zif:. 7 .  The trac;;inq head 

mas f c s t e n e d  at i t s  b a s i c  

s u r f a c e  t o  thL p l a t e a u  5. 
,'he r ~ l a n c  o f  t h e  c o n t i o l  __ 
L-i-L-oi- 2 yas e. t n . l i  r a l l e l  t o  t k e  b a s i c  s u r f a c e  A. 

i 

Pi.;. 7. I n s t a l l a t i o n  f o r  t u n i n g  and 
chechini; t h e  t r a c k i n g  hccd .  
I - auto-coliirLz+;or ; 2 - c o n t r o l  ; n i r r o r  ; 
1 - t--- L c L c - : i a ? :  . ~ICZC's  m i r , o r  ; 4 - j i r e c i s e  
o r i e n t a t i o n  p i c k u p  ; 5 - 31 t cs<u.  
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10.  

The a u t o - c o l l i m . t o r  axis a l o n g  t h e  m i r r o r  2 vias e s t a b l i s h e d  per-  

p e n d i c u l a r l y  t o  t h e  s u r f a c e  A. A f t e r  t e i n d i c a t e d  p r e p a r a t i o n s  

t u n i n g  o f  t h e  t r a c k i n g  head elel:.ents was e f f e c t e d  a c c o r d i n g  t o  t h e  

;)osi.tion o f  t h e  S u n ' s  i J i c t u r e  on t h e  a u t o - c o l l . i m a t o r ~ s  c o o r d i n a t e  

p i u .  The s a n e  i n s t a l l e J b i o n  s e r v e u  t o  v e r i f y  t h e  p r e c i s i o n  o f  Sun 

t r a c k i n g ,  and t h a t  o f  thE o r i e n t z t i o n  o f  t h e  r e f l e c t e d  l i q h t  beaE 

dui7ing t h e  t r z c k i n g  h e a d ' s  r o t =  c ion  r e l :  Live a n  z r b i t r z r y  axis.  

?he t r a c k i n g  head e x p c r i t e n t s  have ~ : io ' . .n ,  t.-tLt t h e  pi-eci- 

? i o n  i n  t h e  G i r e c t i o n  m d  r e t a i n i n g  o f  t h e  beam i n  s p e c t r o n e t e r ' s  

s l i t  c o r r e s 2 o n d s  c e l l  t o  t h e  r e q u i r e t e n t  lor a r z t i s  f a c t o r y  t r a c k i n g  

c iyna i i  c s  . 
Z n t s r e d  on 7 J u n e  1961 
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